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PURPOSE:To simplify the structure of a surface processor and generate its plasma at 
a low pressure and reduce its energy for projecting ions on a substrate to be 
processed. 

CONSTITUTION:ln a surface processor, a vacuum container 1, an evacuation 
mechanism 7, a gas introducing mechanism, a cylindrical discharging electrode 2, 
electrode supply mechanisms 10, 11, 12 for supplying power to the discharging 
electrode 2, a magnetic circuit 4, and at least one substrate holding mechanism 5 are 
provided respectively. The magnetic circuit 4 comprises a plurality of annular 
permanent magnets 401 , 402 which are arranged at spaces coaxially with the 
discharging electrode 2. Further, the respective annular permanent magnets 401, 402 
are so magnetized radially that the polarities of their adjacent magnetic poles are 
opposite to each other At least two adjacent annular permanent magnets to each 
other 402 are provided in the periphery of the discharging electrode 2, and the other 
permanent magnets 401 , 401 are provided respectively in the peripheries of the front 
spaces of the substrate holding mechanisms 5, 5, and further, in the vicinities of the 
end parts of the magnetic circuit 4, the substrate-mounted surfaces of the substrate 
holding mechanisms 5, 5 are provided perpendicularly to the center axis of the 
discharging electrode 2. 
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[ 1 *. ^- e o f D 3 cumen t ] 3 PlC T FI CAT 1 ON 

l'^-'^^^ ^^'-^ trie Invenri^.n] SUP.I-ACL PROCESSOR 

:::^urrac'-: p r : e s 3 I- 3 ::rn^: r i i i n q : vacuum 3Cintainer; 
an evacuatirg meahanisni 1 c r evacuatin.j the vacuum container into 
a .-.iecompreasecl state; a gas mtrodusing mechanism for 
Ini. r - d u cing q as t c. r' e 1 e c trie ci i s c- h a i" g e i n t o t h e vacuum 
container; a t uh't^ - s ha p-ed (discharging electrode f c r letting the 
(,:\cxs aischar-je electricity and theret^y generating pj.asma; an 
electrode supply mechanism for sup)plying the discharging 
electrode with electric power for the plasma generation; a 
magnetic ciicuit place^ii around the discharging electrode; and 
at least one substrate hc^lding mechanism placed inside the 
V a c u urn c c. n t a i n e i ^ wherein: 

tiie magnetic circuit includes a plurality of ring-shaped 
p^ermanent magnets which are arranged at intervals cc»a>:ially with 
tOi(? discharrjing electrode, the ring-shaped permanent magnets 
being magnetised ra.:Jially so that the polarities of their 
ad-jacent m.agnetic poles will be opposite te* each other, and 

at least adjacent two r) f the ri.ng-shaped permanent magnets 
are placed t^:) surrcin;d the discharging elect rccie and the other 
C'f the permanent magnets are p)laced to surround a front space 
C'f the substrate holding mechanism, and 

a surface f thie suljstrate holding mechanism. :n which a 
substrate to be jjrjcessed is mounted is placed nearby an end 
of the magnetic circuit so as to be perpendicular t3 tne central 
axis of the dischargin r^ o iS t r o d e . 

2 . The surface p r o c: e s s e r a c c c; r d i n g to claim 1 , wherein 
the discharging electroce is provided as part af a peripheral 



I 



:e part of 
insulate r- 



r: ci r 



\' .a a u u rn c o fi t a i r: e r m a i c a i n i n g a a u u rr; s e r 
. .:n;i cetv/e-n tne aiscnargmg elect rc^ci^ 



i ri g 
and 



3. The surfaa-a procesaar aaa(.)rding to claim 1, wherein 
the di s did r-g ing eiecti-de is tc>rmed m a tube-like shap'.:- v;hcse 
both en:is are oper": ana is placed inside the vacuum container 
coaxial ly with the vacuum cccitainer leaving a gap between the 
'-^i ^---^li^ rq i.nq elect rc.ie and ri peripheral surface part of the 
10 Vcacuum a:ontainer. 



'I. The surface processor according to claim 3, wherein: 
a tube-shaped eler:troM;ie surr^ounding the discharging 
el(5ctrode is coaxiail^- pdaced laetweer:i the vacuum container and 
15 the: discliarging electrode, and 

the axial lengthi of the t uiie - s hiajjed electrode is set longer 
thcan that of the discharging electrode, and 

the tube-shaped e 1 ea: t r :a..ie is held m floating potential, 

and 

20 each ring-shaped po^rmanent magricst of the magnecic circuit 

is placed to surround the t ^ib-e - s hcir-ed electrode. 



5-. The surf<^ice pracesso^r accaording to claim 4, wherein 
tYie ring-shapeol permanent magnets t,a be placed at p'osi titans 
corresponding to the circumference of the discharging electrode 
art' placed in a space between the discnarging electrode and the 
t u ta - s ii a p e d elect r ^.i d e . 



Tht 



s u r r c e 



^racessar acc- 



■ r d i n ( 



to claim 
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ne r e 1 n : 



the dischargin:^ e 1 e c r ode is rormed by a l lice - s n ap^ed 
r:\c,r:ljer inaluding t:v;a p^rzs having irie san-.e axi-.^l ^engtfi ^rid 
: : i:r"-:ri ear di -i:aor era, 

a 1 1 (J t h e r m a g r"i e- 1 i c ^a .i. r c u i a e rnp L :.: v i r\ g L >; r- r r:: c: r~ o r i a g - 
f) shapea permanent magnecs are placed around tdie s ma i I - d 1 ame t e r 
[-■art of the d i. s c h a r i n g eiectrc^de. 



7. The surface prccessc]: according to claim 6, v; herein 
the discharging eleat:rode is icirined in a b e i o w s - 1 i ke shape 
10 having the parts of difldirent diameters alternately arranged 
in the axial direct is n. 



8. The surfac€^ piocessC'r according to claim 4 -jr 5, 
wherein : 

15 the discharging elerdiro^ie is farmed to have double 

structure including an inner electrode and an C'Uter electrode, 
and 

a ring-shaped permanent magnet is placed t^etween the inner 
electrode and the outer e 1 e c t r d e . 

20 

9. The surface processor according to claim 8, wherein 
a gap enough for allowing electric discharge is formed between 
the outer electrode and the tube-sharped electrode, 

^5 1 (] . The sui^face p»rocess<:jr according to claim 8 c-r 9, 

wherei.n the ring-shaped r-ermanent miagnets provideci to 
cor respcnding positie^ns on the d i s ^di a r g : n g electrode and the 
tube -shaped elect: rode face ea sh other with magnetic coles of 
the same polarity. 
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: e r a i 1 e d D e s c r- i p t i o r": ; f t h e : n '/ -riZ i j v: ] 

■ T e L : ; i J . .1 L' i e i u F i' n. i : i n r c l h - I n ' ' e n r i o v: ] 

The prescric invoLiicM relc^t-e^ t..; a surfcice prcce:=sor, arid 
in f^articular, to a ::;i;rf/ice prcessor for prooeosirig t,he sarface 
C)t a substrate by use of plasrn.i that is qe n^"^ r a t O'-j by bC^ RF or 
miorowave electrio ciisoharge, v/hioh is orr.ployed as a dry etching 
apiiaratus, f:lasma CVD a^-paratus, etc. in ma n u f a c t a r i nq 
p r :• c o s s e s o { s e in i c a n d u c: tor c;l e v i o e s . 
[0 )02] 

; b'r ior Ar t ] 

As an examp'le of a oc^n ve n t i ona ] sui^face pi^ocessir, a 
hi.:|h-f requ^mcy e^lectric discharge reactor which is used for a 
dry etchinci pro(::ess in a semiconLju(^ t or dfi^vice manufacturing 
pr'jcess wi ] I be exp]ainG^d first. in a wiring j^attern fiirmation 
pr '-^ess which is essential for the manufacture C'f semi c^aiduct c»r 
■:ie \OL ^:e s , the ciry etching techniqiae is emjjloyed. In the dry 
et-janing, mixed gas including ha 1 ogen - con t a i n mg gas as its main 
ingreriient is turned into plasma state by mear:S of -i^leiitric- 
discharge, letting various activatt^d species (atomic hydrogen, 
a t m i c f 1 u o r i n e , f 1 u o r i n e - c a r b o n c ^:'m.p c^ u n d s , e r c . ) c a u s e d b y t h e 
plasma generaticTi react with a thin film rir, t^a.!. 3urfai:e of a 
sutstrate, hv which parts of the thin film unrorcessary for: wiring 
are removed. ]n the most com.m.c:)n 1 y- u s ed method f^jr turning mixe.:! 
^as into plasma, two planar electrodes are pi^^t:ed to face each 
'jther m <:i decompressed vacui.im contamcc:, applyin(j high- 
freguen^^y electric v^---wer to :..rie Ciiectrode whije maintaininq the 
Cith.er eiectro'de at ground potential so that -^lestric- discharge 
will be caused by the -H-ieray of the high-frequenry electric power , 
by which plasma is generated between the two electrodes. 3uch 



rea::tGrs empi_cy:.nj -ne above meztci called "pare^llel planer 
"^l-^-'Zri:: :ilsehiravr reaeters"; :i:re udel in a varleey cl fields. 

As cxu ir[Lpi 'j\'ed version or zne parallel planer electric 
■^^i-char;je reao..v.:r, rua :^ne t r on - ype ele'.::trrc disctiarge reactors 
''i^-^''' '.v^^'ll knovoi. In the rTtnjne t r on - 1 ype electric discharge 
rr-actor, the efficiency of plasma generation is im^^roved Isy 
employing magnetic field generation means which generates a 
m.-gnetic field in thie vacuum cent a icier. 
[ (J 1) 0 4 ] 

The constructicn of a typisal conventional parallel 
pl.aner electric discharge reacttji' v/hich is emp-loyed fs-r a drr/ 
etching apparatus will be described briefly referring to Fig. 
7. In Fig. , a reference number "7 1" denotes a va c u urn co n t a i ne r , 
"^■d?" an electrode^ for causin:j electric discharge also serving 
as a substrate holdina mechanism, "7 3" an ele^rtrcde which is 
plriced to face the electrode 72 and maintaine^l at the ground 
potential, "74" a substrate to be processed, "75" an evacuating 
mechanism, for evacuating thie vacuum container 71 to a prescribed 
dec-jmpressed state, and "76" a gas inlet pipe for supplying 
reactive gas to inside the vacuum container 71. An FF power 
s u p ply 7 7 a n d a matching c i r c u i ^" 7 9, n r e p^ r o v i d c J i n r d e i t 
supply h igh- f reguency electric power to the electrode 72. The 
el':M-:trode 72 is provided with an insijlator 79 which .i 1 s serves 
a s 'J a c u urn seal e r . 
[ 0 0 ( ) 5 ] 

- t c • ^ ^ h w s t h e c C) n s t r u c t: i o n of a c c n \^ e t i. o n a 1 
ma gnet ron- type electric discharge reactor which is used as a 
^^-y etching apparatus. While various types of drv etching 
apparatuses employing a magnetic field have beeri developed so 



far, one empioyirva re'^o]vir:g magnetic fi-^ld is shcv;n here, 
i "i 7 ig . z , r: n e s a i ;\ e r e f r e n c e c ri a r c^i ■:: t e r s as t h c; s e a f Fig. 

^-gn^^'^e ^i'lv.^ saa-.- ..-r -gaivcii^-nt elera^-nts ra Lhasa o: Fig. , 
a:i:Ti^:]\-, ahe rerea^"a..'^ au:-^cer " "/ i " deriates a vacuam cantainer, 
o " an eiec trade alsa servi. ng as a substrate lic-iding mechani. sm, 

saunter e 1 - t r e ae , " 4 " a substrate, ''75" an evacuatda-ig 
aiechanism, "76" a gcis inl^.t pipe, "7"?" an RFp(awer sup:'piy, "78" 
a matching cir(-uit:, and "79" an insulate^r. A ring-like 
ei e-^t r omagnet apparatus 80 hcivin<5 a sp-ecial magneric C'Cd e 

10 arrangemient insicit^ is P'i.aced sc) as to sui-round tne vacuum, 
c C) n t a i fL e r 7 1. B y t h e e 1 e c t r -sma g net a p a r a t u s 8 0 h .a v m g the 
sp^ecial nagrtetic p'Cle a r r angen(5n t , a magnetic field vector- 31 
(magnetic tlux B) parallel to the surface of the substrate 74 
to \\-^-t purocessed r:an be gen-~^rated (reference: Jc^urnal ^a i Mua:lear 

15 Materials 200 (1 093) pp201-2 05). KevolvirLg the direction of 
the ma-:;netic fielal vecto2~ HI on the surface of the substrate 
74 t :> be pr<a.::esse:i is al:-;o employed widely today. 
[000 >l ] 

Ftach of the abr>ve twc- types of electric discharge^ react ars 
20 has h'een widely used as a dry etching apparatus for etching the 
surface -of s ut>s t. r a e s tC' be processed. Each type, debivering 
en':}u^jh stchirig perf-jrmance in mi c r oma e h i n i n g with a line width 
of apr:oroxim.3 tel y 1 |.imi , has been emp»loye(i in numbers of 
s em 1 v:ond uc t c- r fcijctories . 
25 [ O'K)'^ 1 

[PiC)blem ta be sc-ived by tne Invention) 

Fiowevei^, tlie c o n v e n 1 1 n a 1 cry etching ap-pa r a t u s -o^ which 
have been explained above involve the following problems or 
drawbacks . 
30 [OOOy] 



The prime re^sen v;ny dry er erirg is eeea fer rr. i e r erria ea i n .1 n g 
in e emi e endue r e r device ma n u f a e 1 1 1 r i n g prccesses is rhat ie 
^rn'ii;les anise triple -lehing, tnai is, eiehirei th:at aires 
\^ e I : I e ci ^. e r e s s - e c r i j a i s u r i a e e s . M e v; e e r , i n o rii e e o c b t a i n 
-'i ^^ert. leal e r ces s - £■ e c t i ena 1 SlIr£a^::e L-y dr'/ etehireg iei 
^"^ '-^ i~ 'J s t r Li e t u I- .1 less h a n 1 |iim , i. c n s in pd a s m <i h a v ij t c: b e 

Incident on the s ut- s t r- a t e exactiy in the verticai directien. 
The simp-lest way to imprc've the rectilinear mot: ion of the i-ns 
IS to 1 ::■ vj e r e h e e; 1 c t r i c ta i s c ii a r g p r s s u r e . 
10 [{j:)C9 1 

H'Swever, if the eiectric discharge pressure is reduced 
to:) much in the^ paraJlel planer electric discharge i^eactor if 
Fiq, 7, processing sp^eed drops to an i ns u f f i ::: i en t leve^ due to 
a decrease in the plasma density. Pui'ther, the elec:tric 

15 discharae itself becomes iiifticuJ.t as the electric ciischarge 
fu:-ssure is reduc:ed. Therefore, there is a cr^rtain lc)wer limit 
C)f tiie direct rii: discharge pressure. Furthei', the Icwering of 
the electric discharge pressure increases self-bias \-altage on 
t hi'-:; cathode (ele<::trode 74) , by which the energy of Ions incident 

20 on the substrate 74 gets too high and the possibility of dama .je 
zo the surface c">f the substrate increases. 



i 'J \> ± U I 



Fr'im the viewpo'inos of lowerintg the incident eneiogy if 
plasma i-ms and preventing rhe^ damage to the substrate surfac--, 
the-^ application of tlie ma g ne t r on - 1 y pe electric disc:har<-|e 
reactor of Fig. 8 has a Is-::) been tested widely. in trie 
manner r m - type electric oi s cha lo^- reactor wh i c'^h genera t^-s 
plasmLa emiplc^ying an external maanet:ic field, the electric 
discharge pressure can be lowered ,1 - Ij mTorr: without 
increasing the self-b-ias voltage on the cathode. Conser]uentl \' , 



30 



8 



It h^t^comes pc:Ssiblo t:o reduce len i r r a -i i. a r i e n enerqy ontc; the 
substrate, ana far^rier, ahe a: 1 - a a r i .:: :lisaay;rae at a lower 
e I t, r 1 c a a a i i ci r a p r e a s a r- e i s rn ci ^^ p a a a i b i e i t'i a a mp a r i a o n a i a h 
t h V a r a 1 1 e 1 pi a a a r" e 1 - a t. r i a .i i a a :"i a r a e r e a z r 
I ij 010] 

Hawever, in t h e ma ^ n e t r on - L y pa eLer-tiria discharge r-eaanor, 
the generatc^a plasma la aistrrbated uneaen^y dependinq on the 
di s 1 1 it'Ut isai of the :j e ne r a t ed maa q n e 1 1 c field, de t r i o r a 1 1 n a the 
unifsrmity of the plasma. 
[ 0 (311] 

la is t^:eref or^:; the primary abject of the present in'/enal-:-n 
to provide a surface processs)r haain;:| srmp'le structure, capable 
of generating p'lasma at a low pr^:?ssure, while re^iucing the io^n 
irradiation enengy onto the substrate to h^e p r r:,ce s s e^d . 
[0012] 

[r^eans for 3olvin':i Prof'lem] 

A surl'ace pr^jcessc^r in accs-rdance with the^ f."-resent 
invention comprrses: a vacuum c:ontalner; an evacruating 
mechanism for evacuating the vacuum cc-ntainer into a 
decompressed state; a gas i n t r odu';: 1 ng mechanism fc^r 1 n t r (oduc i rr:^ 
g;is foi electri>:: (iischar>;je into the vacuum^ container; :\ 
tabe- shaped d a s cha roj i ng ele^trod-^ fcr letting the Qcis drscharg-^ 
electricity and thereby generating plasm.a; an electrode supply 
m-^^^chanism. far supplying the '1 i s chri r g i ng electr-ode with elec:tric 
P'jwer for the plasma generatiori; a maqnetic circuit placed 
ar-O'Und the discharcTing e 1 e c t r c*d-:^ ; cind at least one subst:rat- 
htjlding mechanism rdaced ins id-: trie va(.:aum containo:r. i'h'- 
magnetic circuit includes a plurality of r 1 n - sh a ped permanent 
magnets which are arranged at intervals coaxially with the 
discharging elect rade. The ring-snaped permanent mLaonets are 



magnet 1 :j:ed radially aa thaa th^r) ca^ariaies af aaair adjaaent 
ra^i a ri e a 1 a poles v; ill be p p a s i. a e r a e -..i z h o c h e r" . At 1 e a s t a 'i j a a e n t 
t>aj or i/ii^ ri ng-a a apO'..i p r ma ne n a magra-;:ts are plaa-d ta surraaad 
the d i 3 a h ci r g i raj ele.:tr:oie and trie other at the permanent magnets 
5 are pl^aed to snr remand a frcnt space or the substraito^ hoi dang 
mechanism. A surraae a^ f the substrate hoLdang miechanism c-n 
v/hich a substrate to be proses sea is mount £'d is placed nearh^y 
an end or the magnetic circujc so as to be p tt r r:-e n d 1 c u 1 i r to zbo 
:":entrai axis of the d i s ::ha g i n g electrc-de. 
10 [00 13] 

t'ref er ab'ly , in the abirs^e cons t rue: t i 'S n , the discharging 
electr-.:rde is f)r(3vided as part 't f a peripheral surface part of 
the vacuum cC'ntainer maintairring vacuum sealing by an insulator 
pl.;:iced between the d 1 s cti i rg i ng e 1 e c:: t r c-de arid cither part of the 
1 5 '/ a u umi o r. t c\ i n e r . 
[ 0 1 4 ] 

Preferably, in the abvr^ve con s t r uc t i c>n , the discharging 

elect r'Sde is formed in a tub>e-like shape whose tjoth ends are 

■jpen ai;'! is place(i inside the vacmim coi'itarner c:jaxially with 

20 th-;- A/aouum contarner leaving a gap between the dis'tharging 

ele::trc'de and a p-erir>heral surfa-::e part of the vacuum coiitainer. 
r n 1 c 1 

L ^' - ^ J 

Frefersbly, in th^:^ above construction, a t ube-shape':i 
ele::tr':-ie surrounding the d i s c h a r 1 n g electr'ade is coaxially 

25 pla'.:ed b^^-tween the vacuum container and t:he discharging 
electrt'le. I'he axial length :) f the tube-shapa?d electrode is 
set longer 'ihan that c^t the discharginj electrode. The 
tube-shaped elettrode as hel:l m floating potentiaJ. Each 
rmo-shaped permanent magnet c^ f the magnetit circuit is placed 

30 to surraund the tube -shaped electrode. Incidentally, instead 
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t::lairg zhe t \: ;:; e - s h ap-eci e 1 e r o :ie m r.he floating potential, 
it 1- s also p'OSSiclrr ta orovia- a rnochar^iooi for applv-ing bias 
V'j'loagrr tcj tne t '..;bo - s h ap e o 1 e o t ro' cie as ne^::essary. 
[ ■-' - J 

eiorc;bly , m the atoo/e o on s t r uo 1 1 o n , the r i ng- s hap^^oi 
permanent magnets to be pLaoe^l t positions corresponding to 
tn-;; circumference o i: the discharging electrode are p:laced in 
a ;-ipace between the discharging electroae and the to.i be - s h a [::)ed 
ei-ctrode . 
[ 0 ■.) 1 7 ] 

Preferably, in the ah-ove construction, the discharging 
electrode is formed t^y a tuhie-shaped merr.ber including two parts 
ha'/ing the same axial length and different diameters, and 
another magnetic circuit employing tw^o or more ring-shaped 
permanent magnets are placed aroimd the sma 1 1 -di ame t e r part of 
t h 'I d 1 s c h a r g 1 n g el e c t r o d e . 
[ (3 i ^ 8 1 

Preferably, in the ahove c:on s t r uc t i ■:) n , the discharging 
electrode is formed in a L»e 1 1 ows - 1 i ke shape having the parts 

Df different diameters aiternately arranged in the axial 
'ii t'ec t ion. 

r n -"i 1 a i 

Preferably, in the aba^ve ^'ons t ruct lo-n , the di s>:::ha rging 
electrade is f<arm.ed to have 'louble struct:ure including an inner 
e 1 ^-Kt t rcide and an outer electrode, and a ring-shaped permanent 
ma^jnet is placed between tne inner electrode and ttie outer 
el^-ctrod^ . 
[0C2(3] 

Preferably, m the ab:.o/e construction, a gap en^jugh for 
allowing electric discharge is formed between the outer 
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electrode ana trie t ube - s nape :i e 1 c t r oa e . 

[ : 021] 

Preferably, rn ^.he above oo n s t r uo t i coi , r^ie r i n a - h ape ci 
permanrrrit noi-jnets provrdeci to c o r r e s pc^n d i. ng positrons on the 
discharging olectro^;ie and the tube-shaped electroie are |: laced 
to tace each ether v;ith magnetic poles :-f the sariK^ polarit\-. 
[C 02 2 ] 

[ Act 1 an ] 

Idhe present mventron has been made to prc^pose- a surfa^te 
process-jr capable ■:^f generating h i gh -cien s i t y plasma .rf 
excellent unitormity at a law pressure. In the present 
invent ic-n, magnetic tie Id that has Ire en used in ccnventional 
surface processors tor plasma c:(:>n f 1 nemen t is alse- useri f(rr 
generating the plasma, by whrch highly uniform h i h -de n s i t y 
pl/isma can be generatL-d with ease. As a mechanism for util icing 
magnetic lines e^f force (m.agnetic field lines) simultaneously 
f'jr both the plasma generatron and the plasma cc-n f i nemen t , the 
use c^f a high-f reqi.aency ele<:tric discharges mechianism rs 
desirable . 
[ iJ 0 2 3 ] 

In the surfac-.r pr^rcessor according to the pr'-^sent 
inventlL-n, the eiectr^^de f^-'i supplying h i gh- f r e guonr- y e 1 e <j t r i c 
power for causing the electric discharge tor plasma generc^tion 
is changed from, the conventional planar electrode into a 
tut - s hra p e d e 1 e 1 r o d - ^ , and r i n ( j - s h a v e d p e r ma n n t m a g n e t c> a r 
placed to surround the disch ringing electrc>de. By the 

cc'O s t ru*:-t i 'J n , f.-^lasmtci is generated inside the t u oe - s tia pe :1 
d i s h a r g i n g e 1 t r c- d e and i f f u s s in the i n n e r s a r e o r t h e 
vacuum container. Further, the density C'f the plasma is 
increased in comiparisO'n with plasma in v^^o n ve n t i on a 1 surface 
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processors by the rr'agnotic fioici oenorot-E^d by rho r i o o - s r\ ap e ci 
f:'erraanont magnet?. The h i gh - d-{:r s i t y r:]asma diffiisirio inside 
i: r"i e a c li o ra o:: o n L a r'l e r is then c O' n t i_ n e d >/ i z h h i a h a n i f r in i a *■/ i r i 
sf:'ac': in t h-: Va. ■.;uarn son earner by c: aoagnetrc rreid generated 
^ ^-:y r- i n ::-shap ed permanent magnets td-.at are placed oatsrde the 
e i e o t r i c disc h a r :^ i n g space. 
[0 0 2 4 ] 

As describe:! above, by the use cf the magnetic fieid iines 
(thist have h^een us- od fc-r plasma cc)n f r nemen t ) also for the plasma 
10 ger;eration, high-density plasma can be generated efficiently 
at a low pressure, while increasing the uniformiity of the p-lasm.a. 
[002 5] 

[Mode for Carrying Out the Inventio^n] 

Referring now to the drawings, a :le s c i- i 1 i c n will be given 
15 in let ail of pr-f erred embc-d imien t s in accordance with the 
p r e s e n t invent i O' ri . 
[ 0 C) 2 6 ] 

Fig. 1 IS a vertical secti^z-nal view showing the 
C'jns truction of a surface projcessoi- in acc'jr.iancti w^ith a first 

20 emk>0':iiment of the present invention. In P"^i g . 1, a reference 
number "1" denotes a vacuum: cs-ntaLner as the body of the surface 
processar. A discharging ele^troi^ 2 having a tuise-like le.g. 
cylindrical) shap-e is provided to td-ie central part of the vacuum 
container 1. The dis-jhargmg elect rude 2 is insulated from 

25 lateral parts ]A and IB (made jf metal) of th^f- vacuum container 
1 b;^' two r .^ncf-shaf-ed insalatc-rs 3 on its both sides. The 'sacuum 
cantainer 1 is built u^) as a n e rmic t. i c a 1 1 y sea-^ed chamber b\- the 
tuoe-shaped discharging electrode 2 and the lateral parts lA 
and IB. The tube-shaped (e.g. cylindrical) part of the vacuum 

30 container 1 (excluding end face parts la and Ibi v;ili hereafter 
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be called "perirheral face parr,". Th- in-ernaees betv;een the 
ci i 3 c h a r : J i n q e 1 e c i: r o de 2 a r"i t h - 1 zize ral parts 1 A a n ci IB of t e 
vacuum concairit^r 1 are rcii c uurri- s e a 1 ed by *"he r 1 ri a - s h a p-::- d 
insulatcrs 3. db.:C: - a r f a .ea pr..cesaing is carried out, the 
inside of the vacuum C'Sntairer 1 is rnaintalnea at a p r e s c r i b ^:c:i 
Vricuum state ( de (lomf.) r c s s ed state' and necessary plasma :s 
generatea .c y letting intrcduced gas igas for ele.:::trLc discharge) 
d.ischarge electricity. Meanwhile, the lateral parts lA and '] B 
a 1 o m ci i 1 1 r a i e d a t t h e g i" o u 1 1 d p o t e n t i a 1 . 
[0 02 7] 

In the va<^^uum ^^cntainer 1, a plurality of (da . g . two) 
substrate- h';.lding mecdicinisms 5 are installed with their 
substrate- holding surfaces facing one anc-ther. The substrate 
holding mech^misms 5 ai:-e mounted on the inne^r surfaces of the 
end face partis la and lb on both ends of the vacuum container 
1. Surfae:e processing is carried out for suh-strates 6 
(substrates to be r oc e s S':5d ) which are held h-y the two substrate 
holding mechanisms 5 respectively. 
[0 02 8] 

A m.agnetic circuit 4 including ring-shaped permanent 
magnets is place-:! so as to surround the cylindrical peripl-ieral 
face part of the vacuum container 1 including the discharging 
electrode 2. The m.agnetic circuit 4 includes a plurality of 
ring-shaped permanent magnets 401 and 402 which are arranged 
at proper intervals. The ring-shaped permanent magnets 401 and 
4 02 are placed coo.xially with the peripheral face part including 
t ] 1 o id i s c a r g i n g ^ 1 e c t r a ^i"? . P\t 1 a s t two o e r ■ m a nen t. m. o a n e t. .r-. 
^Oi are placed to surround the lateral parts lA and IB of the 
va -uum container 1, while at least two perm.anent m.agnets 402 
are placed to surround the discnarging electrode 2. Each 
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^^"^^-^rax cart ;1A, IE' suri-ounds a-d cantai-.s a ircnt space for 
the substrate C rn.. ran tea oa the suds r rate no 1 ding mechanism 5, 
th^ I i na-snar.jed permanent mriunets ^ni ere p'ase:i to surround 
^he front spao^-. In the struot'.;re f the magnetic circuit 4 
insludrng t,he i^e rTn:^nent rrcignet:s 4 0"! arid 402, the ring-shaped 
permanent magnets .ire miagnetized loiciiaily so that magnetic r-oles 
of adjacent two permanent magne-ts v;ill be jppC'Site t c^ each cither 
as s ri c w n i n Fig. 1 . 
[ 0 ] 2 9 1 

A surfaae f the substrate hoidinq mechanism 5 on which 
the substrate 6 is mounted is placed neariiy an end of the magnetic 
circurt 4 sc- as t:o h)e perpendicular to tdie central axis of the 
discharging electrode 2. 
[ 0 0 30] 

The end fac*^^ part la of the \^acuum c>antainer 1 is pro\nided 
v;irJi an evacuating m^^chanism 7, by which -gas is eliminated from 
the inner spa.:;e and the vacuum container 1 is evacuated. 
Meanwhile, a prescribed type of gas is introdu<.red into the vacuum 
caantainer 1 throuc^h a gas intraducing mer:harii.sm (unshown) an^i 
<i gas inlet pipe 8 at a preset amount of flow. By properly 
(;:::'ntroll ing the e\/^acuatinQ rate of the a^vacuating mechanism. 7 
and the intrcducing r.ate (flow) of tho gas i n t r ,oiuc i ng luec h a n r sm, 
F^ressure inside the vacuum container 1 can be set and maintarned 
pr^;perly . 
[ 2 u 3 1 ] 

The discharaing electrode 2 is suppli^^d with necessary 
pr)v;er from a power su^^ply mC'Chanism including an R F' power su^:^ply 
It and a matching circuit 11. H i a h - f r e ci ue n'_- y electric power 
generated ana adjusted by the RF power supply 10 and the matching 
circuit 11 is supplied to the discharging electrode 2 via a 
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I - e v:i er line 1^. 

; Q 'J 3 2 1 

I r. ..i n a ± ^ \' , i:. he Eibove " p o v/ e r s i.i p p I y m o c h a n i s ni " c a n i: ^ e 
'"^^"^-^ned incre v;ii^-iy i_ o incl'jcie rho-e si^ppiymq DC p-^wei , 
H igh- 1 reqLiency :RF) power, microwave, etc. The fcllr.wir.a 
ex^jlanation will be olvtoi or: an example ...n which the power supply 
mechanisr::. supplies a n i g h - f r eque n c y iRF'^ pcaver cf a particular 
fiequency 1 3 . 6 MHz ( d e s i. g na t e d as an "industrial frequency" 
i ri J 'lpan . 
10 [003 3] 

In the f o 1 1 o wing, t, it e hi a s i c o p e a t i o n of the s u r face 
p>rocessor composed as cib-Dve will be described with refei-ence 
to Figs. 1 and 2. Fig. 2 is a s<::hematic diagram showing the 
statuses of the magnetic f iel(i and plasma generated by the effect 
15 of the magnetic;: field, in wr^ich the vacuum container 1 is >_irav;n 
simplified and the insulacors 3 and the substrate holding 
m e c: h a n i s m s 3- a r e n ■ t s ii - w n . 
[ 0 0 3 4 ] 

First, the vacuum container 1 is evacuated by the 
20 evacuating mechanism 7 into a preset de c:C'mpr e s s ed state and 
thereafter the prescrik--d gas is introduced into the vacuum 
c: on tamer 1 through the qas int: ro'duc i ng m.echanism and che qas 
inlet pipe 6 up t a prescribed ^'ressure. The prescribed 
pressure is determined c-f;-timally depending on the type of gas, 
25 magnetic field intensity, etc. 
[ 0 0 3 5] 

Subsequent ly , th-- high- t requency elect ri c p:jwer 
generated by the RF power supply 10 is supplied to the 
discharging electrode 2 via the matching circuit 11, by which 
30 electric dis::harge by the RF p^ower accurs in the inner space 



jyl inor 1 :::al discharging eiectrocie 2 ar:d cnorooy picisma 
ia generateo. The staaua of tne generata:i plasma varies 
■ha:ansiL:ej -.sri :.he s t. r. u a c u r £ o: tne maqiietic ■Jiraait 4. 
[ 0 'J 3 6 i 

As shown in Figs. 1 and 2, th.e^ ring-shaped permanent 
magnets prc^vided to the maqnet::ic tzirrsait 4 or this emb-jdrment 
ar-e separated into twe- grC'Ups having different e-f feats 
(p-ermanent magnets 4 fj 1 and 40i:). Tlie effect of the p-armanent 
magnets 4 I is odi a r a ■:• t e r i z ed in that t^heir magnet, ic lines of 
f-::rct;t 'hereafter, rererred ta as "magnetic fielsi lines") 5.0 1 
cross the walls of th'£- lateral parts lA and IB e- f thtt vacuum 
container 1 anly. Meanwhile, the effect of po-rrmanerit 
magnets 402 is characterized in that their magnetic field lines 
502 crc.ss the dr s cha r g i n<;^ electrode 2 and then s[srea(i an its 
inner space. Magnetic f reld lines 50 3 growing at the interfaces 
btcween the p^ermanent m.agnets 401 and the [i^erananent magnets 402 
cross k>oth the discharging electrc»de 2 .and the walls of the 
lateral part lA and IB of the vacuum container 1. 
[ 0 0 3 7 ] 

In the surface pr'a<::e3s in-.j vacuum cc^ntainei 1 piovided with 
the magnetic circuit 4 having the abcave effects, the ^.rlasma whicli 
is generated in the iruaer space ot the ^^^.acuum. cc;ntai:aer 1 bv 
the dischargrng electrode 2 has the foilowin(g t:ha r a c t e r i s t i cs . 

In the case of supplying high-frequency eie-::tric: power 
to the aischiarging ele^ctrc-de ?. in (jrder to generate- pla.sma, an 
t!lectric: fiel(i (an electric field as a mean valuei due to the 
h i gh- f r 6M-Tuenc y vc'itag^? is allowed tc: be present. ^:^n the surfats[' 
of the electrade 2 so tnat elect r.ans a(.:ce 1 era ted bv the electric 
field collide with gaseous molecules i:it::ms) intrtduced intc 
a vacuum container 1 s--^ as to- allow^ the mL<alecules to be ionized. 



17 



10 



theirecy iC'Cally ge r:e r a ^ i n :j hi ah density plasma t-at i ^. diffused 
and nai.ntaiaed in rhe vacuarr: ::anta.iner 1. When the r::lasrTia is 



: n r a c e d , the m t; 1 1 cj r i ■ ■; f t h - e i e t r e n s if: t -a o I a s m a d - 



e n c J s 



en neignetLa fieid gce-.-:^ na t e :i by a magnetae .::ireuLt. 

In thi.s en;bt)d imen t , high ^aensity plasma 5 'T' 5 is generated 
t-specially at the points showr: m Fig. ^ due zo the iriaeraction 
v/i th the nnignetie field 502 . The pi <^;sma generation mamtenanee 
meehanism emp^leyed in this embodiment is basi::all'/ the same as 
t : h at in n n e n t i o n a 1 ma g n e 1 1' o r. - t p- e e i e e t r i ( ~ ci i s (- h a r g e 
reactors; iiowever, to exp'lain more spw=e: i f i .:ni 1 ] y , tFie plasma 
e n e r- a t i :■ n / rr. a i n r e n a n c e meehanism f t h .i. s erab o d i m ^.• n t exhibits 
the following characteristics depending on the strv;cture of the 
filasma-gener at iir:j discharging electrode 2 and the ring-shaped 
f.ermanent magnets i02 surrounding the discharging electrode 2. 
15 [0038] 

There is a \^C'ltage drof:> (a pot:ential difference; between 
th-^ inner sui:f.;i(-e of a cylindrical dischrsrging electrode 2 and 
pd^asma generated in the inner space C'f the elect r^'de 2, where 
a direct current electric field i an e ]. e c t r <a s t a t i c freld) is 

20 present. The direct ir)n of moticn of electrc-ns m the plasma 
depends on the electric field and ^:.he ccmp-inent el a magnetic 
field 502 e-rthc-gonal to the electric: fif-lo wherein the magnetic 
field IS gene rat fad by a perm.anent miagnet 4 02. Specifically, 
the electrons mev-a In ^die direction of th^' outer pr.-)duct of the 

25 electric: fieid veator and the? ma^jnetic field vector (namely in 
the radially inward di reo.: t ■ (^m t a:rd i r"^. the c 1 1 a umf e ren t i a ] 
direction alone th- inner wall cf the d i. s cria r a i no electrode 2 
under act i-in od' the electric f i eld and the m.agnet ic field wherein 
the moa^ement path af the elestrons is enslosed. 

30 f'^-i^ tC' the ernalosed rioaoamLent path of trie e-]ectrcns in the 
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^l^sn^'^a aenera^ i ::r. r e a , o i. :^ i c a i, o n cf the electrons in the 
cla5T::a genera t i. r e a is ie:haeed, by v/hich the high density 

h' ^ ^- - ^ '-^ ^ - ^ d n r t '1 1 j ■ ally and ni a i n t a i n e rj v; i t h ease. 

The high density yiasnic: generated by the construction of 
the present endicdimenr is maractenzed in that the plasma is 
forrred in tdie ring-shap:ed area m the proximity cf the inner 
surface o> f the discharging el est rode 2 and generated in hiqh 

density as indicated by reference number 505 it lust rated in Fic. 

2 

In order to generate the f)lasma in the ring-shap^ed area, 
it is necessary as men t i -arn3d ah-ove that a plu2^alrty cf 
ring-shap-ed perman^mt magnets 4 02 be arranged around the 
cylindrical cm s cha r :f i ng electrode 2 so as ts- hiave the 
a Iternat inif magnetic pole arrarr^ement and their magnetic field 
lines 50.:^ intersect and cr^iss tne inner surtace of the 
d i s c [i a r g i n 11 e I e c r o d e 2 . 
[ (D 0 3 9 ] 

In the p)lasma generatofd in the inner space of the 
di scharg i n']i electrode 2 as desc:ribed above, the ions and the 
activated gase^Dus mciecules -ir atoms present m the plasm:^ 
diffuse in thie whole inner sp-ace of the vasuum. cor:t:ainer 1 so 
as to react with tiie thin film f'->rm.ed o^n the surfa^i- of rh'O 
substrate 6 to be treated, thereby eliminating the film. 

In t.:his case, the m.agnetic fiel^l 50 1 generated by the 
permanent magnets 40 1 has the function of decreasing loss which 
is caused by collision '.of charged p.^articles in th. e t'lasm,a with 
the inner surface of tl'ie lateral parts lA and IH oi the vacuum 
container 1, maintainirna high plasma density and imprsving the 
unifc'rm^ity of plasma density m the vicinity of the surface of 
t ti e s. ti b s t r a t e 6 . 



this erncodimont, rhere is n :> need to instali a 
^ - Ti a r a : r\ ;j ] - c t i e 'i e in s i a - : h -r ■/ :x iz u urn c o n t a i. r"i e r 1 si n c e t Yi e 
"acuuiTL eontamer i 1. s built an u s one piec:e by the inter ai parts 
iA and iB and the dischargina ^-1 eat rode n. Further, sinct^ the 
ni-iunetic c iron it 4 in this emin.;d i men t -ran be piaced in the 
atmosphere, a meohanism tor oo^oJing the magnetic circ:uit 4 can 
h e installed an d m a i n t a i n d easily. 
[ 0 0 4 1 J 

As is clear from tne above emb'id imen t , the surface 
pro>ces3or accoraing to the p^resent invention is characterized 
in that it generates the high density plasma 505 in the 
r:.ng-shaped area by use of the magnetic field 502 and then 
diffuses the ic-ns and t:he activated gaseous m.jlecules or atoms 
caused by the h Lijh density plasma 505 efficient, ly and uniformly 
by ase of anothei m.agnetic field 50 1, thereby enabling the 
siirf<ice processin^^ of the substrate o. 
[ 0 0 4 2 ] 

In the follc>wing, a second emh'Cidiment of the present 
inventiC'n will t-e described with reference to Fig. 3, in which 
the same reference characters as thc^se of Fi 7 . 1 designate 
suttstant ial 1 y the sam.c elemients as those of Fig. 1. In the 
second embc-dim.ent , the (iischarging electrode is prepared 
sef^arately from tne vacuum container, and tlie cylindrical 
'lii Sftha rging el^ctroode is laced msi. d^' the vacuum container 1 
so as t 3 be coaxia] with the vacuum contai ner anl at tYie middle 
of the vacuum container in its axial, dir-e-stion. The refei-ence 
number "2" m Fig. 3 denotes the cylindrical discharging 
electrode whrch is formed to have a smaller diameter than the 
vacuum container 1. VJhile the discharging electrode 2 is 
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supportea by seme supporting members on the inner surfeee of 
-he vaonum eontainer 1, they ere net sheen rn Fig. 3, 
H .: g h - r :.e: u n ;_■ ;/ elec:trre p^ove^r is suppiied to the ciiseheteino 
J^'^-^ -i^ ^ VI fi a teedei line i2 v;hieh rs drawn into the vaeaumi 
eontainer 1 threegh a smali pipe-shaped insulator 11 also 
3 e 1- V 1 n (;j a s '/ a u m s e a 1 e ig h:- y w n i i:: h the p^ 1 a s m a is g e n e r a t: e d . T Yi e 
9''^P 1^ (olea ranee) between the vacuum contatmer 1 and the 
diseharging e].ectrode 2 has t s be set", small enough so that no 
ele-::tric dlsoharge ,vill get therein. While appropriate gap 
wid-h varies depending on the typ'O and pressure of the 
diseharging gas, a gap of severcsl mrllimeters is desiratile. 
Mear.while, the vacuum container 1 is m.aintained at the gircund 
P'jt ent i a i . 
[0 0-13] 

In this embodiment, the rinu:-shaped insulators 3 and the 
connecting structure between the discharging elect r-tde 2 and 
tfie lateral f)arts lA and IB enipiloyed i.n the first emibiodiment 
become unnecessary, by which the cc^ns t r uc t i on f the apparatus 
is simplified. Further, since the discharging electr<.>de 2 and 
the vacuum cc-ntainer 1 are manufactured as separate parts, a 
vacuium container 1 with the peripheral face part of a large 
diamieter can be built up easily. The other apparatus 
comp'osition anrl the magnetization directions ot the permanent 
magnets 40 1 and 402 are exactly the same as those of the first 
emkot diment . The pi asma gt^nerar i on /ma 1 n t e n a n ce mechani sm 
empao-ye-:i in this emb^dim.ent is .alsct the same as that explained 
i r'l t, h e 1' i r s t e n b o d i m e n t . 
I '0 C 4 4 J 

In the above surface processors of the first ana second 
embodiments, the inner surface of the vacuum container 1 is act 
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t.o be sputtered by ions resent i:\ the I sr.c: , bspeciali'/, a 
-^^^ i^^ias ;,ppiied to the substr.ate holoing T.eohonisms 5 :or 
-^^^--y^^M t:he surfdoe proses sirig of the sobs^rate 6 causes 

several problems, Includirig the sputtering on tne inner surraoe 
ci: the \'aouum container 1, instability of electric discharge, 
Such proh'LeiPs are caused n the above e-ih'O d imen t s by the 
u^-. e af the vacuum container 1 (at th.e ground potential) as an 
eJ-tctr.tde. In other wi-rds, the plasm.a potential changes 
:iccord:u:g to the t^ias of td'ie substrate holdin:^ mechanism 5 and 
thereby the potential difference between the plasma potential 
ana thr^ -ground p'fjtcuitial rncreases (that is, tic electric field 
Ln a sno^ath at the inner surface^ o^f tht? va.:vaum container 1 
Increases), by v/hi ch sputtering due tc- ic-n acceleration is 
caused. Further, if the a f o rem^;;;n 1 1 -.Hied potential difference 
y^e-nme-< too high, the pldsma miilht teccme unstat-le due to the 
oc-;:ur rence of ioc^il arc .lischarge. The fo-Il.^wing embodiment 
IS propc-sed in .tr-ier to resolve suon P'tofclems. 

The structure of the magn(;*tic crrcuit, 4 is the same as 
m the case of the first and sectni en-.bod i me n t s . 
[0045] 

In the following, a thii'd emboi.iiment of the present 
in\'entiO'n v;ill l::)e d-iscribeo with refcr-^nre to Fig. 4. Tlie triird 
emL-icidimen t is characterized in tli-it a seccoid cylindrical 
electride 9 (he^-ealter, simply referred to as "cylindrical 
ele.ttr.ide -") is pi'ovided between tlie (i i s c h a r :g i ng electrode 2 
onti th^£' vasuum container 1 m the csnst ruction c^f the second 
^f:'mr:ociiment . Th- cylindrical clec^:rt'de functioning as the 

anode, is formed to have a longer sxial length than the 
discharging elect:rcde 2. Preferably, the sylmdrical 

electrode 9 is fixed on the vacuum container 1 via an insulator 
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■:unsh:^wni so ^lar i i ] be il--. — ci electrically. Iz is al^c 

pcssis-le t:. pro\'i.de a bias applicaticn n^eshar^ism includinq a 

ana apply a desired biciS ^ i c 1 ua i n g the g rotund potential) to 
t^^^ cylindrLcal eleotrode 9. 5etv;een t he o y 1 1 nd r 1 oa 1 eJectrsde 
o and r,he vaoi.ium cn.jntainer 1, a niagn^f'tic circuit 4 is installed. 
The c:: ns tract ion of the magnetic circuit 1 is the same as that 
iri T:hi- iirst and second emh* :)d i men t s . 
[ Ci 0 4 6 ] 

Tt' the discharging electrode 2, high-frequency electric 
P':'Wer is supplied via a feeder ]. ine 12 that is drawn through 
an -.nsulati-r 13 on the vacuum c-Dntainer 1 (like the r^ne in the 
seccmd embodiment i and a similar small insulator 16 (also 
serving as vacuum sealer) o^n the c y 1 1 n<:ir 1 ca 1 elect r^ade 9, and 
plasma is generated by th*:' high-frequency electric p)':=wer. The 
insulator 16 can also be form.ed integrcilly with the insulator 
1^ t'y stretching t:h^-s insulator 13. Tn^' plasma 

g e n e r a t i o n / ma 1 n t e n a n o e me c h a n 1 s m e mp 1 o y e d in this e mb o d i me n t 
is the same as thos^- explained in the ^^revious embodiments. The 
20 gap 15 between the discharging electrode 2 and the cyilndrical 
electrode 9 is set small ericugh s-; that ns- electric discharge 
will get therein. The width of the gap I ^- may be substantially 
the same as that of the a f r em^en t i oned gap 14. Meanwhile?, 
between the cylindri-cal ele^::trode 9 and the vacuum contain(:*r 
^''> 1/ 3 space enough for the installation cf the magnetic circuit 
4 is reserved. If tne gap for the magnetic circuit 4 can not 
b-^ secured between the vacuum container 1 and the cvlindricaJ. 
electro^de 9, the macnetic circuit 4 can also be installed outside 
t hi e V a ^ u u m. container 1 . 
30 [0047] 
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dir.-j lc the third embodiment, a cylindrical 
------ "-'■'^^ e 1 ec t r 1 c^:i 1 1 y fioated so that, the potential I'f 

oy X i no r^i ...o;^ ~l-ooroo^- :^ '/arieo d^'r:)onding on the plasna 
potential -o-^n iv\ a ho Ouse f pro;vidiro^ a direct ciir2:ent or 
5 alternating^ curr^Mit bias to the S'ihstrate holding me c: h <:i n l srr, s 
J, thereby trie potentiai differenae trom the plasma F:)C't^;ntial 
Ls maintained snail so as to re3.:lve -.he. malfunction m the 
: e c o ! 1 :i em b sj d 1 m e n t . 

Further, e\^en when - ho applioat ion of bias to the substrate 
10 tioldmg mechanism 5 is difficult because ef its structure, the 
en-aray <i f bans incident on the substrate 6 can be controlled 
prc:perly by applying a bias to the cylindrical electrode a. In 
}iigh-f rrqu';::.'nc^- electric discharge, there are cas^i^s whei'e the 
space p'ltential 3f the ^ilasma in the vicinity of the substrate 
15 0 v.Ll::rar.es due to the hijh frequency d i s cha rc^e , by which the 
e^n^irrjy d i s t roL hi u 1 1 c^n of the ions inciii^E-nt r-n the substrate 6 might 
he voidened c^nd t^hrt mi c r oma -ih i n 1 ng pi.icess might be deteriorated. 
In such :iases, instea(i of using the bras po^wer supply 19 shown 
in Fig. 3, the cylindrical eloctr.ode 9 may be co)nnec:ted with 
20 the vacuum container 1 via a capacitor, by which high-frequency 
vioration relating to the ^^'Otential rf the cylm.irical electrode 
9 can be eliminated and the vibr^iti-m rf the pl:.sma :.pace 
potential can be suppr ess^;^d . The c ao i tc^nce f the rapacitor 
-^^^t arbitToirily as long as it gives a sufficiently low 
2o impedance against the high-frequency electric power emplo\'ed 
fa)r the electric: discharge. 
[ 0 (i 4 a ] 

1 n t h e f :> 1 1 o w i n g , a f a u r t e mi b a d i v.\ e n t o f t h e p resent 
invention will be described with reference to Fig. 5. In this 
30 embodiment, m the construction of the third embodiment, the 
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discharging el^-^-ctr ci e ,\ includes 1 a r 



n 



■ng a ^arger diainecer ana sraa 1 1 - d i a:ne t e r parts 202 havina 



- - ^ ^ - ^ a a -i II L e :. e r n a c h r e r e p) e i t. a 1 t e r- n a a e i \; a n (d 

saa-essively . Tnerator-r, the discharging electrade 2 has a 
ce 1 l<;^ws- ] 1 ke shiape m which the 1 i^ :j e -<i i arne t e r parts 201 and 
tne small-diameter part 2 32 are alternated in the axial 
direction. In the magnetic circuit 4, the permanent, n.agnets 
4 02 employed fcr generating plasma -are placed in spaces that 
are forme:! berween the cylmdrlcil electr-tde 9 and the 
smc::l i-ai ameter parts 202 of tne discharging electrcaie 2'. The 
gap 17 L^etween tlic cylindrical elect r-jde 9 and the large- 
diameter part 20 1 af the disctiargmg elect r<jde 2 has to be set 
small enough so that no electric discharge will get therein. 
The width of the gap 17 m.ay be substantially the same as that 
of the afoiementioned gap 14. it is desirable that a similar 
gap be farmed alsc- between tht? cylindrical electrode 9 and the 
permanent magnets 402; however, the gap is not necessarily 
required wh^-n the permanent magnets 402 a to- f-armed of insulating 
material such as ferrite. 

The r)ther device ^t on s t ru c 1 1 o ns and the magnetizing 
direction of the f;'ermanent ma^fnet are the same as in the case 
of the third ^E'mJDc^ dimicn t . 
[004 9 ] 

The pi ^isma grtws in tn^a inner spaces of the 1 a r ge - d i ame t e r 
parts 20 1 :.f the discharging electrode 2, In the plasma 
generation in thrs embodiment, the nigh aensity plasma 
generati : n ^'maintenance mecnariism by t n-^ mc:jqner rs-n -^^lectr ic 
discharg'z- (explained m the first embo iiment ) and a plasma 
generati :^n /ma int enance rr.echanism employing the s:.— called 
"hollow cathode effect" (the generation if high densrty plasma 
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due to co-and-fro mc^tic^ns of electrons betv;eeo ::losely placer 
cathodes.! are combined, by v/nrcri still higner plasma densiOc, 
^ s reel 1 1 zr, :j . 
[ 0 -1 ^ 0 j 

In the follov;inc(, -i tilth embodiment, ot tdie preser;t 
1 n '/ e n t. i o n w J. 1 1 lo c- d e s c r L b> e :i v; 1 1 h reference t c> Flo. 6 . The tli f t h 
emhi'jdiment is cha i cic c e r 1 zed in the structure of the discharqlng 
elez-trO'Ue 2 and cylmdi^ical permanent magnets 4 02 buildino up 
th- ma:^n'Zti^- c 1 1- c u 1 1 tor plasma generation. In tne di S(ona rqinq 
electro-ie 2 of this emhrdiment, a smal 1 -diameter poirt 203 
(referred t :> as "inner elestrc'de 203") with a smaller diameter 
ana a 1 a r ge - d i amei t e r part 2 0 4 (referred to as "cuter electrode 
.dDl") with a largei diam.eter, having the same axial ]_engths, 
are plca.:ea to overlap ea^ih other and e 1 e c: t: r 1 c a 1 1 y connected 
together. While the gap lb' betwr-en the outer electrode 204 and 
tdie discharging electrode 2 has to be set: small enc'uqh to 
'alrminate electric.: diS'ZhargF: ther<;rin in the [:'revious 
embodiments, the gap 18 m this emloodimient (to be used as a plasma 
■;ieneration spac:-e^ is set i-elatively wider. While approp'riate 
gap width ^-ari^is depending on the P'l^essure of t.he di s c ha r g 1 n-:j 
gus, a gap of several centimeters is 'de s 1 r ab 1 e . 
I 0 0 3 1 ] 

Further, tw-j or moro r 1 ng - s hci [r.-ea permanent ma-irnets 4 0 
foi~ generating plasma a.ve p^r-'Ovide:i to t.he space between the inner 
electrode 2 03 and the cater electrode 204 of the di scharqin.;; 
electrc'de 2. The magne t i za t i c^n dire-otions of tdit: ring-shap)ed 
P'ormanent mao^nets 4 0 3 are set simr]arly these f the permanent 
mLa:uiets 401. The positions of the p-ermanent r.aqnezs 4 03 are 
set so that their center magnetic poles will face the inner 
miagnetic poles of cc- r r e spo nd i n g permanent maanets 4 02 and each 
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facing pair of magnetic p-^ie.-:- l the ring-shaped p^ermanent 
magnets 4j2 and 4 0 3 v;ill hav-.r tne same polarity. The cither 
a p p a r a t i.i s c c.) mp c s i t i o n a n d 1 1\ e m n e t i z a t i o n d ire e t ions a h t h e 
p 0 rm a n e n t m ii g ri - t s 4 0 1 a V: a 4 ^ i - e x c; c t.. 1 y trie same as t n o s e o f 
5 the- fir s t. e rn b o ci i m e n r: . 
[ 0 C: 5 2 1 

The sylindricai elect rosie 9 is htrld in the floating 
potential also in this embodimiont, ami the opera tinq principle 
regarding t,he cylindrical electrode^ 9 is basically the same as 
10 that in the fourth embodiment. 
[(30 5 3 ] 

In this embodiment, the p^lasma is generated at two places: 
in the inner sp-ace of the- inner electrode 203 of the discharging 
electrode 2 and m the gap 18 tetween the outti^r electrofie 204 

15 and the cylindrical electrode' 9. The gen e r a t i ng /'m a i n t a i n 1 ng 
mechanism for rhe plasma that i. s generated In the inner spaae 
Z'f thie inner electrode 2 03 is exastly the same as that explainovi 
in the first embcidiment. Meanwhile, in the p:'lasma generati'^n 
in the gap 18, still higher plasma density is realized by \'irtue 

20 c>f the p'lasma gene r a t i <:.'n ,''ma i n t enance mechanism combining the 
magnetr'Cn electric discharge and the hoLlc^w cathode effecc 
e >: p! 1 a i n e d i n t li e s c o n a e mb o a i me n t . 
[ 0 0 5 4] 

In.sident a 1 1 y , v;hiLe the vacuum container in the above 
25 embodim.ents contciined twc' substrate holding mechanisms placed 
at. symmetrical positi-ms, the present invention is als^:.; 
aciplicable to a vacuum cmtainer containma only one substrate 
hci 1 id i ng me cha n i sm . 
[ 0 5 5 ] 

30 [Effects C'f the Invention] 
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processor eiFiolcying magnetron ele^jtric discharge caused bv 
h 1 J n - r C: g a ■ j n c - 1 ^" - c L :. i c p v; v; r etc., the s t r u c t i.i re of ^ h e 
di schd r g imj elect ro'de is imp^rs-/ea so that paiX ot magnetic field 
^ lines that hc:ice re en used in conventional su trace procures or s 
for preventing th^} loss in plasma can also be used for the plasma 
generation by the magnetron edecoric discharge, by which high 
density plasma can be gens-rated with efficiency aofi the 
unit o r m 1 y o f t [ : e s u r i a c processing fj 1" substrates can be 
10 maintained at a s a t i s f a c t C' r y level. The effects of the present 
invention become r ema r h^af) 1 especially in the application to 
various p)lasma processc>is (dry etching app)aratus, CVD appai-atus, 
etc.) that are required hiigh-speed and unifc-rm wide-area 
pr -Dce s s i ng . 

15 While the present itiVention lias h''2^?jn described with 

reference tc^ the partic:ular illustrative embodiments, it is not 
to be restricted by those embodiments t-ut. -only by the appended 
claims. It is to be appreciated that thC'Se skilled in the art 
can change or modify the embcidiments without departing frc-m the 

20 scope and spirit of the present inventisn. 

[Brief L'es or ipt i;an c> f Z-rawin.jjs] 
[Fig. 1] 

Fig. 1 Is a vertical sectiorral \olew showing the 
25 construction of a surface processo'r in accc^rdance with a first 
embodiment of the present invention. 
[ i g . 2] 

big. i IS a schematic diagram, showina essential part o^ f 
the surface processor of F^ig. 1. 
30 [Fig. 11 
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ci V e r 1 1 c: a 1, 
■ c r J a n c e 



s o t 1 o n a 1 v i e w she w i n g .a s u r f a e e 
th a third embodiment: of the present 



p 1 s o o s s o r m a ^ 
i n '7 e n t _l s n . 
[Fig. 5] 

Fig. b IS a vertioai sectional view showing a surface 
proct-ssor in accordance with a fourth emcodiment of the present 
i n ven t i c n . 
[Fig. 6] 

Fig. 6 is a vertical sectional view sh<jwing a surface 
processcr in accordance with a fifth embodiment of the present 
1 a V o n t i c- n . 
[Fig. 7] 

Fi 5 . 7 is a c r o s s - s e c t i ona I view showing an example of 
a C'Dnvent ional p^arallel planer electric discharge reactc^r. 
[Fig. S] 

Fig. 8 is a or os s - sec t iona 1 view showing an examf^le of 
a cc-nvent ional ma gne t r on - 1 yp e electric discharge reactor. 
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MATCHING CIRCUIT 1 
H r' t O W E R S U R R L Y 10 



1 : 'J A C U U M C J N T A I N E R 

lA, 13: VACUUM COUTAIMER LATERAL PART 

2 : D I 5 : A R G I G ELECTRODE 

3 : I 3 U L A T '0 R 

4 : MAGU ET I C C I F. C U [ T 
S U B 3 T F. A T K H C L 0 I N (3 MECHANISM 
S U B 3 T RAT E 

EVA':UAT I NG MECHANISM 
GAS INLET PIPE 
4 01, 4 0c: RING-SHAPED PERMANENT MAGNET 
I'^O 1 , 5 0 C , ( ) : MAGNETIC FIELD 

[Fig. 3 1 

MATCH I NG C I RCU IT 11 
F; F P <j W E R 3 If r Y'LY 10 

[Fig. .\ ] 

MAT3HIN^3 C I R U I T 11 
RF POWER SUE' PLY 10 

[Fig. 4 J 

MAT C H I N G C I R C U I T 11 
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C Y L I N D R I 
V A C U U [•] C 
3 U B S T R A T 
[A A T C H I N G 
R F ? O W E R 

[Fig. 6 ^ 

MATC H I UG 
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( F i g . 7 ] 

MATC H I N G 
F: F P O W E F:. 

[ F i <g . 8 ] 
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